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(54) OFFSET ROTATION JOINT, AND ARTICULATED ROBOT HAVING SAME OFFSET 
ROTARY JOINT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an articulated a 1: 

robot, and a joint mechanism for that in which motion of 
a large freedom degree can be obtained by combination 
of joints each having a rotation mechanism only, in which 
weight reduction and high power of the joints can be 
achieved, in which payload to self-weight is large, and in 
which multi-stage articulation, a large moving range, and 
complicated and precise motion can be achieved. 
SOLUTION: A rotation control frame provided with a 
coreless electric direct drive motor on an inclined surface 
to a link axial line is provided between a driving side link 
and a driven side link to compose an offset rotary joint 5 
having an offset rotation axial line OA in which the driven 
side link is inclined to a link axial line LA, and the offset 
rotary joints are provided in plural stages between a robot main body 3 and an end effector 4, 
thereby precise three-dimensional positioning of the end effector 4 can be performed by 
composite motion of the offset rotary joints 5. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the articulated robot having the 
offset revolution joint which has the new structure especially replaced with the conventional hinge mold 
joint, and this offset revolution joint about an articulated robot's joint device. 
[0002] 

[Description of the Prior Art] The conventional robot has the various things by the vector method, the 
scalar method, the parallel link method, and the combination method from the structure of a joint. The 
joint device of a vector method is a device which combined the device of the rotational degrees of 
freedom of the circumference of the shaft of a link, and the flexibility of the circumference of the hinge 
shaft which carries out deflection of the link in the field which passes along ia shaft to a link shaft, and 
carries out a polar-coordinate-motion of 2 flexibility. The joint device of a scalar method carries out the 
axial revolution of the link in a vertical plane to a link shaft, and is applied to the motion within a flat 
surface. Moreover, a parallel link method is the ** three-dimension motion device which combined the 
actuation cylinder style of plurality (6 [ for example, ]). Furthermore, a combination method is what 
combined the above-mentioned all directions type with many joints, it is the compound-die device 
which mainly combined the hinge device, the axial rolling mechanism, and the link, and many of 
conventional articulated robots have adopted this method. 
[0003] 

[Problem(s) to be Solved by the Invention] Among said conventional joint devices, since the slowdown 
machine which consists of a planet-gear style etc. exists between a hinge device and a drive motor, a 
vector method has a problem in a precision of a link of operation, a hinge moment, etc. in the backlash 
by rotation, the magnitude of bearing, etc. Since a link serves as a cantilever structure, the joint of a 
scalar method is difficult for combining many joints. Moreover, a big burden will be placed on a 
cylinder by it if a parallel link method is made into multistage combination. And in the conventional 
articulated robot which combined the above-mentioned all directions type , a drive is required for every 
functions , such as deflection and a revolution , there are [ the default of the motion by the deflection by 
self-weight and low natural frequency occurs , so that a joint device becomes complicated , and weight 
relief is also difficult and is use as multistage , and ] problems , like the pay load to a self- weight is 
small , and the articulated robot which needs still satisfying power is not obtain . 
[0004] Then, this invention can obtain a motion of many flexibility in the combination of a joint only 
with a rolling mechanism, can perform weight relief of a joint by leaps and bounds as compared with the 
conventional articulated robot, moreover can obtain high power, and its pay load to a self- weight is 
large, and it aims at offering the articulated robot with which multistage connection can be performed 
and a movable range can carry out a large complicated precise motion, and its joint device. 
[0005] 

[Means for Solving the Problem] An offset revolution joint of this invention which solves the above- 
mentioned trouble By preparing a roll control structure equipped with a revolution drive motor in a field 
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made to incline to a link axis between links which constitute an arm, fixing the main working side link 
to a fixed part side of said revolution drive motor, and fixing a follower by-pass link to a Rota side It 
constitutes so that it may have offset axis of rotation toward which a follower by-pass link inclined to a 
link axis, and a follower by-pass link is made to carry out cone motion by making an intersection of said 
link axis and offset axis of rotation into top-most vertices. 

[0006] Although said revolution drive motor consists of a core loess electric direct-drive motor suitably, 
and the main working side link is fixed to a stator side of this core loess electric direct-drive motor and it 
comes to fix a follower by-pass link to a Rota side, a hydraulic motor, or electrical and electric 
equipment and a hydraulic motor is also employable. And when said roll control structure is formed in a 
ring configuration which consists of a revolution drive motor, an encoder, a brake gear, and the slip ring 
and said link also forms it in midair, an offset revolution joint from which a link and a roll control 
structure became continuation hollow structure is obtained. 

[0007] And an articulated robot which has an offset revolution joint of this invention A roll control 
structure equipped with a revolution drive motor is prepared in a field made to incline to a link axis 
between the main working side link of a link which constitutes an arm, and a follower by-pass link. An 
offset revolution joint which has offset axis of rotation toward which said follower by-pass link inclined 
to said link axis is constituted. This offset revolution joint between a robot main part and an end effector 
For example, the compound movement is made to perform three-dimension positioning of said end 
effector by preparing two or more steps so that an offset angle of rotation may serve as an opposite 
phase by turns, and carrying out manifold-type control of these by computer. 

[0008] A revolution drive motor of the above-mentioned offset revolution joint has a desirable core 
loess electric direct-drive motor. And a multifunctional articulated robot with a more wide and movable 
range is obtained the above-mentioned offset revolution joint, a coaxial revolution joint which consists 
of a roll control structure prepared among both links so that a follower by-pass link and the main 
working side link might have the same axis of rotation, and by reaching or combining revolution / 
expansion adjustment device. 

[0009] An arm can be formed in the shape of [ to an end effector from a robot main part ] continuation 
hollow by constituting each link, each offset revolution joint, each coaxial revolution joint, and each 
revolution / expansion adjustment device in hollow structure, respectively. And by arranging a flexible 
hose, a power supply, a signal line, etc. in a continuation centrum of this arm, the arm itself can 
constitute a matter conveyance way and signal transduction ways, such as a fuel and power makeup, on 
a body [ handling ], and it can obtain a robot which has a special function which the conventional robot 
does not have. Furthermore, robots which can apply suitable also for the bottom of ultimate 
environment, such as an extinction robot for example, in a fire site etc., are obtained by covering an arm 
with covering which consisted of materials which exist [ shock resistance / a water resisting property 
thermal resistance, or ]. 

[0010] In addition, a rotary motor of not only an electric motor but various format can be used for a 
revolution drive motor of the above-mentioned offset revolution joint, for example, a hydraulic-motor 
system may be applied to a revolution drive motor of an offset revolution joint by the side of a robot 
main part, and it may apply an electric motor to a revolution drive motor of an offset revolution joint by 
the side of said end factor, and may use it as a hybrid mold. 
[0011] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to details 
based on a drawing. Drawing 1 - drawing 5 show the operation gestalt of the articulated robot of this 
invention. The arm 2 of the robot 1 of this operation gestalt has the connection link connected by two or 
more offset revolution joints 5 and two or more coaxial revolution joints 6 between the robot main part 3 
and the end effector 4, and it is constituted so that motion of many flexibility can be given to an end 
effector 4 by the compound movement of many joints. Although the combination of an offset revolution 
joint and a coaxial revolution joint can adopt various gestalten, as shown in drawing 1 , it constituted 
[ as 1 set ] the connection link for two pieces combining the coaxial revolution joint 6 suitably in 
combination and pars intermedia so that offset angle gamma might become reverse by turns about the 
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offset revolution joint 5 and a configuration side might become Ha's character type, and has adopted six 

offset revolution joints and three coaxial revolution joints with this operation gestalt. 

[0012] In addition, in the following explanation, the link of another side which considered the side near 

a robot main part as the main working side link, and was connected with this main working side link in 

the relative relation of two links connected by the joint is called a follower by-pass link. 

[0013] To the link axis LA of the main working side link 7, the above-mentioned offset revolution joint 

5 forms the roll control structure 10 in the actuation side 8 of which angle gamma dip was done, and is 

constituted as clearly shown by drawing 4 . By that cause, gamma becomes whenever [ offset angle ] 

whenever [ tilt-angle ], and gamma will carry out cone rotation of the follower by-pass link 9 whenever 

[ offset angle ] by making the intersection P of the offset axis of rotation OA and the link axis LA into 

top-most vertices. 

[0014] The revolution drive motor of the roll control structure 10 consists of these operation gestalten as 
a core loess electric direct-drive motor, the ring-like stator frame 1 1 is fixed to the actuation side of the 
main working side link 7, and the Rota frame 14 is being fixed to the actuation side 13 where the 
follower by-pass link inclined. A bearing 15 is formed between the inner skin of a stator frame, and the 
Rota frame peripheral face, and a stator coil 16 is formed in stator frame inner skin, it forms the Rota 
magnet 17 in the peripheral face of the Rota frame, and the core loess electric direct-drive motor is 
constituted. In addition, with this operation gestalt, of course, said stator frame and the Rota frame may 
be formed in one with the main working side link and a follower by-pass link, respectively, although it 
forms in an exception object, respectively with the actuation side of the main working side link and a 
follower by-pass link and assembly immobilization has been carried out. 

[0015] In drawing 4 , 1 8 is fixed to the end face of the Rota frame, it is the sensor which detects angle of 
rotation of this encoder board, and it is the ring board-like encoder board and 19 constitutes [ it is fixed 
to a stator frame and ] the encoder from said encoder board. Moreover, the brake board of the shape of 
the ring board by which 20 was fixed to the Rota frame 14, and 21 are brake shoes which sandwich the 
periphery section of this brake board at the time of actuation, and are driven with the actuator 22 fixed to 
the stator frame. An actuator 22, a brake shoe 21, and the brake board 20 constitute the disk brake as a 
brake gear, and it functions as a stopper which does positioning maintenance of the angle of rotation of 
an offset revolution joint. 23 is the power supply and a signal line which transmits power and a signal to 
each roll control structure or an end effector, even if each joint rotates in the direction of arbitration by 
forming slip ring equipment 24 between the stator frame 1 1 and the Rota frame 14, and connecting 
[ between ] the power supply and signal line during each link with this operation gestalt - a power 
supply and a signal line ~ the joint section - it can twist - ******** - things were prevented and the 
complicated motion of an arm was made easy. The inner ring 26 which formed the outer ring 25 in the 
stator frame side, and was prepared in this outer ring at the Rota frame side is formed pivotable through 
a ball bearing, and said slip ring equipment 24 counters each ring, it prepares a slip terminal and is 
constituted. 

[0016] By driving a core loess electric direct-drive motor, as shown in drawing 5 , by carrying out cone 
motion whose offset angle gamma dip the follower by-pass link 9 did to the link axis, and controlling 
the angle of rotation of a core loess electric direct-drive motor by the encoder, the offset revolution joint 
5 which it comes to constitute as mentioned above can choose the actuation angle phi over the follower 
axis of a follower by-pass link as arbitration, and can position it. In drawing 5 , (a) shows the case of 
phi= 0 degree of actuation angles, and the main working side link and a follower by-pass link will be in 
the condition of having extended in the shape of a straight line, in that case. The condition that phi= 90 
degrees (b) rotated from the condition, and (c) rotated phi= 180 degrees and phi= 270 degrees (d) is 
expressed. And by operating a disk brake, a follower by-pass link is fixed to the main working side link 
in the location, and the main working side link and a follower by-pass link will really be in a condition 
firmly in the predetermined location which carried out the operating-angle revolution. 
[0017] Moreover, since it is the same configuration as an offset revolution joint except actuation side 8 f 
being a right angle to the main link axis LA as shown in drawing 4 , the coaxial revolution joint 6 
attaches the same sign as an offset revolution joint, and omits detailed explanation. The coaxial 
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revolution joint 6 has the function to rotate the link axis LA for a follower by-pass link as axis of 
rotation, and can carry out the arbitration angle revolution of the follower by-pass link. 
[0018] The thing of various gestalten can be used for the above-mentioned end effector 4 according to a 
use , and with this operation gestalt , it consist of visual sensors 31 , such as a camera formed in the 
periphery section of the point coaxial revolution joint 30 , list 33 prepared in the point link 32 possible 
[ expansion ] according to linear motion devices , such as a cylinder and a linear motor , and a hand 34 
which be an operating tool , and have revolution and expansion / hand function . Moreover, it is also 
possible to form various kinds of sensors, such as a tactile sensor and a sense-of- force sensor, in a hand 
if needed. 

[0019] On the other hand, as shown in drawing 1 , the robot main part 3 forms the vertical actuation 
actuators 37, such as a motor and cylinder equipment, on the truck 36 which has a driving wheel 35, and 
through the electromotive roll control structure 39 which becomes the stand 38 in which vertical 
actuation is carried out by it from the same device as said electromotive roll control structure 10, the 
main part frame 28 is supported and it consists of these operation gestalten. Therefore, the main part 
frame 28 of the robot main part 3 moves a floor line up and down while it is movable to arbitration, and 
it can control the height and angle of rotation by the driving wheel in the location of arbitration. In 
addition, 29 in drawing is a weight for balance. 

[0020] since it is constituted as mentioned above and the offset revolution joint 5 and the coaxial 
revolution joint 6 are formed by the core loess electric direct-drive motor in the air, the articulated robot 
of this operation gestalt can be markedly alike compared with the conventional joint device, and can 
constitute lightweight, and without bending by self-weight arising, even if it can support heavy loading 
to the prepared bearing and connects [ side / bearing ] a link in multistage, since the load by the side of a 
follower acts on the fitting side of a cylinder-like stator frame and the Rota frame as a radial road, the 
pay load of the end factor over a self-weight can also be markedly boiled as compared with the 
conventional articulated robot, and can be enlarged. 

[0021] One [ moreover, ] of the characteristic functions of the articulated robot of this operation gestalt 
By carrying out manifold-type control of the core loess electric direct-drive motor of each offset 
revolution joint and each coaxial revolution joint by computer As shown in drawing 1 - drawing 3 , 
accuracy can be made to be able to carry out a very complicated motion to an arm, and a factor can be 
turned in a complicated motion and a complicated direction, and, moreover, the actuation range within a 
three-dimension side is being able to transmit big running torque greatly. In the example of drawing 3 , 
it twists around a body [ handling ] by making arm 2 self into a hand device, and the condition of having 
grasped the body [ handling ] 27 is shown. In this case, by controlling the operating angle phi of each 
offset revolution joint 5, it can twist and the force can be controlled. Therefore, the body [ handling ] 27 
can be twisted and grasped by the bolting force of arbitration by rotating a motor until it prepares the 
torque sensor in each motor and a predetermined setting-out load acts on a motor. Therefore, in the 
articulated robot of this invention, the large-sized heavy lift which cannot be held by the end effector 
also becomes handling. Moreover, the robot of this operation gestalt may output high power, and since a 
detailed precise motion is also controllable, he can apply suitable also for the care robot which needs 
power. 

[0022] Each link and each joint are hollow-like, and since the arm serves as a continuation hollow 
barrel, the still more characteristic function of the articulated robot of this operation gestalt is being able 
to use the inside of an arm as supply ways, such as various matter, and energy or a signal, from a direct 
robot main part. Without a signal line and an energy line being outside exposed, this is protected with an 
arm and is dramatically rich in usefulness technically. Thereby, by the conventional robot, the functional 
robot which can apply also to the impossible use can be obtained, and the use range of a robot can be 
expanded much more. 

[0023] The operation gestalt shown in drawing 7 and drawing 8 shows the example which made the 
flexible hose 36 penetrate in an arm using the hollow barrel of an arm. It is applicable to the ultimate 
robot which supplies drugs etc. to the bottoms of particular status environment, such as digestive robots, 
chemical processing plants, etc. in a fire site, such as a building which has the dangerous substance by 
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supplying drugs, water, etc., such as a digestive, through this flexible hose by that cause. In that case, by 
sensing an object [ handling ] at sensor guards, such as a visual sensor, and a computer's analyzing the 
location, and controlling each roll control structure, an end effector can carry out a complicated motion, 
can catch an object [ handling ], and can supply the matter to an exact location. Moreover, since the 
flexible hose is contained in the arm, it is not put to direct external environment, is protected, and 
enables matter supply by the harsh environment. For example, if the supply of a direct article to the 
interior of a flame and the whole arm front face are constituted or laminated with a corrosion-resisting 
material, the manipulator which can supply a direct article into etching fluid, such as strong acid, and 
can do processing and an activity can be obtained. 

[0024] Moreover, inflight refueling to the aircraft and the application as a manipulator which enables 
prehension of a spacecraft, repair, makeup, recovery, etc. as one of the Rendezvous docking technology 
in space are also possible, furthermore, the offset revolution joint device of this invention — the moon's 
surface — if it is adopted as legs, such as a working robot and a bipedal robot, it is possible to obtain the 
multi-flexibility working robot in which bending and stretching exercises, splash motion, and 
locomotion are possible with the combination of two or more legs. 

[0025] drawing 8 show other operation gestalten which established a means to hold a flexible tube to an 
arm core certainly so that it may not be influence by motion of each joint , and the connection means 
which a signal and power can transmit and supply certainly , without the power line and a signal line 
being able to twist in the joint section , or twine , when make a flexible pipe penetrate in an arm . In 
addition, since the offset revolution joint and coaxial revolution joint in this operation gestalt are the 
same as that of said operation gestalt, the same sign as said operation gestalt is attached, and detailed 
explanation is omitted. 

[0026] It is supporting so that the inside of drawing and 40 may be slip ring equipment, as for this slip 
ring equipment, may come to carry out fitting support of the inner ring 42 at an outer ring 41 pivotable 
through a bearing, it may be supported along with an axial center through the spring 43 of plurality 
[ outer ring / 41 / edge / main working side link ], the flexible pipe 45 may fit into the inner skin of an 
inner ring 42 and an arm and an axial center may carry out abbreviation coincidence of this flexibility 
pipe 45. 

[0027] A majority of two or more terminal lines 47 which meet an inner ring 42 at shaft orientations are 
arranged at intervals of predetermined at a circumferencial direction, the ends appear in an inner ring 
peripheral face, two or more input/output terminals are constituted, the signal line and the power line 46 
from the main working side link side are suitably connected to each input terminal 49, the signal line 
and the power line by the side of a follower by-pass link are connected to each output terminal 50, 
respectively, and power and a signal are supplied and transmitted at a follower by-pass link side. And 
multipoint connection is carried out to the slip terminal 51 of each 1 arranged at intervals of 
predetermined at shaft orientations at the outer ring peripheral face from each terminal line. On the other 
hand, the slip terminal which carries out phase opposite with the slip terminal of said inner ring, and 
contacts the inner skin of an outer ring 41 is arranged, said slip terminal and the connected terminal 
appear in a peripheral face, it connects with the stator coil of a roll control structure, an encoder, an 
actuator, etc. according to the class of each terminal, and power and a signal can be supplied to each. 
[0028] Drawing 9 shows the operation gestalt at the time of applying the articulated robot concerning 
this invention to an extinction robot. 60 in drawing is a motor fire engine, and the extinction robot 65 is 
laid in the platform 63 established in the crowning of the boom mast 62 constituted free [ the telescopic 
motion installed on the body 61 and tilting ]. On this extinction robot's 65 arm 66, the flexible tube 
which leads to the nozzle prepared in the end effector has penetrated, and it connects with the feed water 
hose equipment 67 with which the end face of this flexible tube is prolonged possible [ telescopic 
motion ] from the body. As for feed water hose equipment, the pump is connected with the source of 
feed water, or the fire extinguisher supply source through equipment. Moreover, the periphery section of 
a robot arm is covered with covering formed with the material which has flexibility in a heatproof, a 
deck watertight luminaire, and shock resistance strongly, and it is constituted so that a robot arm may be 
protected in a flame. 
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[0029] According to the extinction robot of this operation gestalt constituted as mentioned above, like a 
graphic display Make the boom mast 62 expand and contract and a platform 63 is brought close to the 
fire outbreak site of a building 69. By operating an articulated robot, while the operator who is present in 
a platform supervises the source of a fire detected with the visual sensor formed in the extinction robot's 
65 end effector by the monitor of a control panel 68 Direct water or a fire extinguisher can be turned to 
an extinction location from the end effector at the head of an arm, and it can inject. Therefore, since a 
closest approach can be carried out to the source of a fire and water or a fire extinguisher can be 
injected, extinction effectiveness can be raised by leaps and bounds than before. 
[0030] Drawing 10 shows the operation gestalt applied to the repair robot 75 which repairs the failure 
generated in the place dangerous for human beings, such as the interior of a tank of a chemical 
processing plant 70, entering directly, and an accident part. The repair robot 75 is laid in the platform 74 
established in the crowning of the boom mast 73 constituted like said operation gestalt free [ the 
telescopic motion prepared on the body 72 of a truck crane 71, and tilting ]. And the periphery section of 
the robot arm 76 is covered with the covering 77 formed with the material which has flexibility in a 
heatproof, a deck watertight luminaire, and shock resistance strongly. 

[0031] Since this repair robot 75 can move an end effector with many flexibility as mentioned above and 
can transmit high torque, he can repair a direct failure part and an accident part with the tool attached in 
the end effector by operating an articulated robot, supervising the remedy part detected with the visual 
sensor formed in the end effector by the monitor of a control panel 78. Moreover, articles, such as direct 
drugs and components, can be supplied to a remedy part through the interior of an arm, and the first-aid 
treatment in emergency can also be coped with. 

[0032] Moreover, although not illustrated, even if the articulated robot of this invention applies to a 
assembling robot, he is dramatically effective. According to this invention, with the combination of 
many joints, since the motion with a flexible arm is possible, in case it is assembly operation, a hand can 
arrive to the side of front and rear, right and left, and by the conventional assembling robot, the 
impossible complicated solid assembly becomes possible. And since the articulated robot of this 
invention can get high torque and a heavy load and a precision and a detailed motion can be obtained, it 
is possible to apply also to the micro robot which needs an ultraprecise and detailed motion from a large- 
sized assembling robot or a working robot. 

[0033] Drawing 1 1 shows the operation gestalt which applied the articulated robot of this invention to 
the care robot. The care robot 80 of this operation gestalt constitutes so that human being may carry out 
and a care activity can be performed by the compound movement of the manipulators 81 and 82 which 
consist of two arms formed in the many joints of this invention. The peripheral face of an arm is covered 
with the covering 90 which consists of a cushioning material, and has given safety. 83 and 83 are 
stereoscopic cameras and enable it to recognize distance and magnitude like human being's vision by 
supervising in three dimensions among drawing. Moreover, 84 is a sound sensor and 85 is a 
communications antenna. Furthermore, as for the GPS (broader-based positioning system) equipment 
with which 86 determines this robot's location, and 87, an alarm lamp and 88 are monitors. In addition, 
although it enables it to have run with this operation gestalt by forming in a self-propelled mode, for 
example, putting on a wheelchair 89 like a graphic display at a male nurse-ed, it is also possible to fix to 
a bedroom, a ward, etc., and to constitute so that nursing of a bathing auxiliary activity etc. may be 
performed. 

[0034] As mentioned above, although the various operation gestalten of the articulated robot of this 
invention were shown, the articulated robot of this invention does not restrict to the above-mentioned 
operation gestalt, and design changes various by within the limits of the technical thought are possible 
for him. For example, the combination of an offset revolution joint and a coaxial revolution joint is not 
restricted to the above-mentioned operation gestalt, and various combination is possible for it according 
to the use. Drawing 6 shows the modification of the combination, since the structure of a coaxial 
revolution joint and an offset revolution joint is the same as said operation gestalt, the same sign is 
shown, and since the array is clear from on a drawing, detailed explanation is omitted. In addition, in 
drawing 6 (d), it is the link connection regulatory mechanism section, and 50 consists of flanged joints, 
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at the time of remedy of this robot etc., it separates an arm and can separate it now from this section. 
Moreover, the mounting angle of the follower by-pass link which carries out the main working side link 
pair through this flanged joint can also be adjusted. 

[0035] Furthermore, with the above-mentioned operation gestalt, although the electric direct-drive motor 
is adopted as an offset revolution joint and a coaxial revolution joint, it cannot necessarily restrict to it 
and a hydraulic motor, or the electrical and electric equipment and a hydraulic motor can also be 
adopted. Furthermore, it is also possible to adopt an electric motor as an end effector side, and to make a 
hydraulic-motor system the offset revolution joint by the side of a coaxial revolution joint at a hybrid 
mold. 
[0036] 

[Effect of the Invention] Since a follower by-pass link makes the intersection of a link axis and offset 
axis of rotation top-most vertices and whenever [ offset angle ] carries out cone rotation, by preparing 
two or more these offset revolution joints, the offset revolution joint of this invention is the easy device 
of only rotation, and can perform precise three-dimensions positioning in the extensive movable range 
of an end effector. And since it is only an axial revolution, precise point-to-point control is easily 
possible, and torque big moreover can be told. Moreover, by adopting an electric direct-drive motor as a 
revolution drive motor, a joint can be formed in a small light weight, and a joint in the air can be 
obtained. 

[0037] The articulated robot of this invention can get a motion of many flexibility in the combination of 
a joint only with a rolling mechanism, weight relief of a joint can be performed by leaps and bounds as 
compared with the conventional articulated robot, moreover high power can be obtained, the pay load to 
a self- weight is large, multistage connection can be performed and a movable range can carry out a large 
complicated precise motion. 

[0038] Since the articulated robot of this invention can form the whole arm containing an offset 
revolution joint and a coaxial revolution joint in a continuation hollow barrel By preparing a flexible 
hose etc. in an arm, it can be used as supply ways, such as various matter, and energy or a signal, from a 
direct robot main part. And this supply way is in an arm cylinder, since it is not put to direct external 
environment and protected, the matter supply by the harsh environment etc. is attained and the robot 
which can apply to versatility much more can be obtained. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the front view showing the operation gestalt of the articulated robot of this invention, 
and is an ups-and-downs actuation schematic diagram when turning an end effector in the complicated 
direction. 

[Drawing 2] It is the front view showing the condition of having extended each of that offset revolution 
joint in the shape of a straight line. 

[Drawing 3] It is the actuation front view and is a schematic diagram of operation when twisting around 
an object [ handling ] by having made the arm itself into the hand device, and holding. 
[Drawing 41 (a) is the transverse-plane cross section showing the operation gestalt of the offset 
revolution joint and a coaxial revolution joint, and (b) is the enlarged view of the slip ring section. 
[Drawing 51 (a) - (d) is actuation explanatory drawing of the offset revolution joint concerning the 
operation gestalt of this invention. 

[Drawing 61 (a) - (e) is the important section front view showing the various combination gestalten in 
multistage connection of the offset revolution joint concerning the operation gestalt of this invention. 
[Drawing 71 It is an important section transverse-plane cross section in the condition of having made the 
arm of the articulated robot concerning the operation gestalt of this invention penetrating a flexible hose. 

[Drawing 8] It is an important section transverse-plane cross section in the condition of having made the 
arm of the articulated robot concerning other operation gestalten of this invention penetrating a flexible 
hose. 

[Drawing 9] It is the mimetic diagram showing the working state at the time of applying the articulated 
robot concerning the operation gestalt of this invention to an extinction robot. 

[Drawing 101 K is the mimetic diagram showing the working state at the time of applying the articulated 
robot concerning the operation gestalt of this invention to a repair robot. 

[Drawing 111 It is the mimetic diagram showing the working state at the time of applying the articulated 

robot concerning the operation gestalt of this invention to a care robot. 

[Description of Notations] 

1 Robot 2, 66, 76 Arm 

3 Robot Main Part 4 End Effector 

5 Offset Revolution Joint 6 Coaxial Revolution Joint 

7 Main Working Side Link 8 13 Actuation Side 

9 Follower By-pass Link 10 Roll Control Structure 

14 Rota Side Frame 15 Bearing 

16 Stator Coil 17 Rota Magnet 

18 Encoder Board 19 Sensor 

20 Brake Board 21 Brake Shoe 

22 Actuator 23 46 Power Supply and Signal Line 

24 Slip Ring Equipment 25 41 Outer Ring 
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26 42 Inner ring 28 Main part frame 

30 Point Coaxial Revolution Joint 31 Visual Sensor 

32 Point Link 33 List 

34 Hand 36 Truck 

37 Vertical Actuation Actuator 38 Stand 

39 Electromotive Roll Control Structure 40 Slip Ring Equipment 

43 Spring 45 Flexible Pipe 

47 Terminal Line 49 Input Terminal 

50 Output Terminal 51 Slip Terminal 

60 Motor Fire Engine 62 73 Boom Mast 

63 74 Platform 65 Extinction robot 

67 Feed Water Hose Equipment 68 78 Control Panel 

70 Chemical Processing Plant 71 Truck Crane 

75 Repair Robot 80 Care Robot 

81 82 Manipulator 83 Stereoscopic camera 

84 Sound Sensor 85 Communications Antenna 

86 GPS 87 Alarm Lamp 

88 Monitor 
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CLAIMS ; 

[Claim(s)] 

[Claim 1] The offset revolution joint characterized by preparing a roll control structure equipped with a 
revolution drive motor in a field made to incline to a link axis between links which constitute an arm, 
and fixing the main working side link to a fixed part side of said revolution drive motor, and fixing a 
follower by-pass link to a Rota side, and making it have offset axis of rotation toward which a follower 
by-pass link inclined to a link axis. 

[Claim 2] An offset revolution joint according to claim 1 at which the main working side link is fixed to 
a stator side of this core loess electric direct-drive motor, and it comes to fix a follower by-pass link to a 
Rota side by said revolution drive motor consisting of a core loess electric direct-drive motor. 
[Claim 3] An offset revolution joint according to claim 1 at which the main working side link is fixed to 
a housing side of this hydraulic motor, or an electrical and electric equipment and a hydraulic motor, and 
it comes to fix a follower by-pass link to a Rota side by said revolution drive motor consisting of a 
hydraulic motor, or electrical and electric equipment and a hydraulic motor. 

[Claim 4] An offset revolution joint according to claim 2 or 3 from which said roll control structure is 
formed in a ring configuration which consists of a revolution drive motor, an encoder, a brake gear, and 
the slip ring, and has said main working side link and said follower by-pass link, and continuation 
hollow structure. 

[Claim 5] A roll control structure equipped with a revolution drive motor is prepared in a field made to 
incline to a link axis between the main working side link of a link which constitutes an arm, and a 
follower by-pass link. An offset revolution joint which has offset axis of rotation toward which said 
follower by-pass link inclined to said link axis is constituted. An articulated robot which has an offset 
revolution joint characterized by preparing these two or more steps of offset revolution joints between a 
robot main part and an end effector, and enabling it to perform three-dimension positioning of said end 
effector by compound movement of said offset revolution joint. 

[Claim 6] An articulated robot according to claim 5 said whose revolution drive motor is a core loess 
electric direct-drive motor. 

[Claim 7] An articulated robot according to claim 5 or 6 which has a coaxial revolution joint which 
consists of a roll control structure prepared between a follower by-pass link and the main working side 
link so that a follower by-pass link and the main working side link might have the same axis of rotation. 
[Claim 8] An articulated robot according to claim 5, 6, or 7 which established revolution / expansion 
adjustment device between said offset revolution joints. 

[Claim 9] claims 5-8 which said link, said offset revolution joint, said coaxial revolution joint, and 
revolution / expansion adjustment device can be constituted by hollow structure, respectively, an arm 
has a continuation centrum, can arrange a flexible hose, and a power supply and a signal line in a 
continuation centrum of this arm, and can transmit a fuel, power makeup, and a signal to the supplied 
body — an articulated robot of any or a publication. 

[Claim 10] claims 5-9 apply a hydraulic-motor system to a revolution drive motor of an offset revolution 
joint by the side of a robot main part, apply an electric motor to a revolution drive motor of an offset 
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revolution joint by the side of said end factor, and it enabled it to apply to a hybrid mold — an articulated 
robot of any or a publication. 

[Claim 11] claims 5-10 covered with covering with which an arm which consists of said each link and 
each roll control structure consists of a material with a water resisting property and thermal resistance — 
an articulated robot of any or a publication. 



[Translation done.] 



http://www4.ipdl jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.jpo.g... 1/6/2004 



Page 1 of 6 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 




Ft \ 



[Drawing 11 




[Drawing 31 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



1/6/2004 



Page 2 of 6 




http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



1/6/2004 



Page 3 of 6 


























6 \ 






(d) 




50 S 




http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



1/6/2004 



22 




[Drawing 91 



http://www4.ipdljpo.gojp/cgi-biii/tran_web_cgi_ejje 




[Drawing 111 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



Page 6 of 6 




(19)B*0WSW (J P) (12) & HI It 4fc & < A > <H)»WHM»W»* 

#$§¥10-225881 

(43)&PB ¥j«10^ (1998) 8 #25 B 



(5i)intci. e mm^ FI 

B 2 5 J 9/06 B 2 5 J 9/06 A 

19/00 19/00 F 



*SB85ft m 8S*3S©»11 FD (£10H) 



<21)fflfS## 


*5BS¥9-44938 


(71)ffllKA 


391037397 










(22)fflISB 


spJEK9^(1997)2^14a 




x&mmmtsmzitJiiHi 7 TB44#i& 1 






(72)3&fPMf 










^«*A»r^i:*-&2-880 ±1t^ft 








^5-301 






(72)55M^ 


»e 








3K^»BTEartr2i=BrBa2379 6 








-212 






(74)«SA 


AM 243 (*1«) 



(54) B89!<Z>«»0 *y±y b®mmmRTt&*7^yb®mm®&ttz&Mt&ui$yh 



(57) [£»] . ! 1 

[RIB] IDIsWo^^^oilp^tt^ g daS 

>^ttilftL Alztt LXMLfct7ts/ hl£]^$dlSOA 
K3(EB8flS5Sr»tf;U, BE* 7 -fey h 
UlteBStn * o # 5/ h 3 i: 31 v ^ ? * - 4 t <D 

60 




(2) 

1 

in** 2] mtzmmmm* - * # a r u*mmm> 

*^-*«fc:±BrtMy p-*«fcftttfljy ^ 

nmv ^ *i36ix46»*a i k«<o t7t ^ hE 

6^^fc**SJv ifflfB£»ffly 20 

[st**5 ] 7-^^Mt6 y <&±»«y 

^ir^/ hlD&BlSlS&ptfs' h#ft:£:^:/ K^7s^^ 
iltbtcJ: 9 HfrfE^^ K^7*^^— <D3ft5£*t«ft^3& s 30 

mk*mirz> x 0 v^t t ±m\n m\^m 

[»*«8 ] -/ hEHEBHimti:* ene • f* 

[§S^9] ifittV^L flftlE^-fejy hlsllcMSL 



1 0-225881 



1 1 ] Otis* y t«-siteftij»»ft:*^4 
[0001] 

[0 0 0 2] 

h^^ x^7-m, /^wuyy^^OT^ 

-ctt*«*ffirt-ey *«ft-re * ^^ttH 5 § m 
&<Dmmzm^t>^tzmmx\ 2 s siomw^ 

(«^ttf6*) <o«s»->y ^# , mm&m&itittt3 
««irttinte«*x^y zm&ititm&mmffixab 

[0 0 0 3] 

BUttli. y ^*sjt«pt>«Btitt-5fcae>, *<*>B8ffl£ 

mx\ mmmmmmttev. itMtit<, *a 

Jfi^^^b, aogfi{c^ti-6-<^ p- K*«/>St^<o 
BBH^fc t) , **3HJ£<0^< ^ 0 !7-4r^^i-5^^^n 

[0 0 0 4] ^rT\ HKE«»0^*«oBB 



(3) 



ftm^l 0-225881 



[0 0 0 5] 

y ^*wmzM^xmfA£^tcmz\s}fcmm*- 

[0006] m^mmm^-fn, umia-x^Tu* 
Hfifsy y^t)^nMt6^^aoT, y^^tai 20 

[0 0 0 7] *&W<D*7±y Melted® 

mv tizmmv is*m<D, v^^nm-ML-xmm 
h<DXfoz> 0 

[0008] ±m*?~ty bm^mffi^mmwi^r-* 
jhie^ir y vmssmb. wmmv>? t3Lm\m^ 

[0 0 0 9] &y #^-7iry MEl|5B8fli N 



[0010] tt*3, iiiE^i? s/ h IIICIHffiaifiiegBlb 
#Sr«ffli-6ri:36S-C*, utfy h^frftijo^- 

[0 0 1 1 ] 

i&w<DmM<omm sit, *&w<o$mwm*mm$: 
mznmzwfiir& 9 a insist *3smo#h«o 

«ffl-e*6*«, *san*»-efi, EI 1 t^-r J: 5 
:7irs/ HhHEBBSS 5 4:^*7^5/ h£ v dSM^iKlcfto 

»y u em<o^±y bmmmffit 3m<o 

[0012] /«cib\ £ATo»wi;::fc^T, gntictot 

[0 0 13] ±iS^*^ir^ Mel(EB8«5(i, m4\zW^ 

QbffiOAb y >-^W«SLA^<?5^P4rTI^i: It, ^~ 
[0 0 14] OfOlEl^igKj^-^ti, * 

n> £»fil y >^ 7 off BBl: y y ^^f-^ 7 u 
3l:o-^7L — ^ i 4^@^$tt"C^^) 0 — 

y v^i sjwrh-wt,, ioxf-^7i — A^ic 

[i^f-^3>f/H6^ P~^7i/-A^ffi(:ii 

-^7i/-AWp-^7i/-i,d iSj^iyv^xt/ 



(4) 



0-225881 



[0 0 151 04lC*5l>T, 18*10-^^7^ — ^(0* 
IlliS^XXliy^WOxyrj-^iX^^ 19 
lifem > zn - ^(00 K£ £ Srtt IH "T 5 ^ t? 4> 19 , 

> = — y*1»J*L"Cl^c 2 0«p-^7I/-A 

2 2{::J:oT£l*!$b£*L'5o T9^=l3l— 9 2 2 % ^1/- 

T*fL 7r-^7i/-Aili:n^7L/-Ai4i:W 

KKttfc-r y >-^2 6&3tf— a-<t y >-y^^b 

[0 0 i 6 ] UJLJL^J: 5^«**tbT*-6 3d-7-fe5/ hm 

tiaot, m 5 i^-r «fc 5 1-, settfljy >^ 9*sy ^ 

*tt»t;i*tL Tapirs' hft yffl#4Lfcn«BS»&U 

*<D»&tt3i9hM!) tummy >9n-mmm^ 
mistcwmtteZo (b) &*:<DViffifah<t> = 9 o° , 

(c) tt* = 1 8 0° ^ (d) lld) = 2 7 0 o [EltELfc 
BT\ x-f ^^^u~^*rf^i6Sit:-6^i:(wJ:oT. 

Wrti'jy ^^rt^tMBjy ^WLT^^ffiiT?iss 
*u ±wmvj >9 tommy ^ttmmz-fottmtft 

[0 0 17] H3(tt[l]tellffl5 6 tt, B4l^tJ;5 

|S]«lHHBH«6tt. i£iMM y * y 
[0 0 18] h*^7*9 9-4 tt, 



^P3ttl£]£l»ffi 3 0^H6B^KJt^^7«^ta*ir 

y =Tffi»»«ti:J: Df*8W«B^Hl+e>ixfcy ^ h 
3 3. SWJffly-^fcS^y K3 4 
ti. IhHk • f*J8 • ^VK»tBS:*tTt^ 0 ittB 

[0 0 19] nsK* h*fr3tt, #*J6*«t?tt 

10 El l t-^-f <£ ?f-> ib«&3 5^r^ri-S-&$:3 6±lc^e- 

*^>y ^^mm^<D±Tmmr^^=L^-^ 37^ 

it. **t^J;oT±TIB«i*tt*Si6^3 8^«HE«Ki5S; 

mcftywtttflci 0 tmmtemffifrbtezmm^mmmm 

Mf*3 9^Lt*(*7 1/-A2 8«^^tltW$ 
tltt^o ^ot, P#yh*ft:3^*#7l/-A2 8 

r^^T'#5o ft*5* El* 2 9fl/<^>^ffiOfi^T^ 
20 [0 0 2 0] *mtll6MU(0£Wm p # 5/ h tt. JEJ-hO J; 

30 C^:#<t6r^ 60 

[0 0 2 1] ^fc, *Hlfe^ffiO#g||®o^5/ hco^« 

^^tn o =1 T u^«»ieSBglb* - ^ =» ^ tTa — ^ -c 

L^t3ft5cffirtcDmKj<6Hj6S^:#<. J.o*#/jr 
01£ b/iof&Bm-tZZtfrXZZZ. irTfc^o E13C0 

So aj-^irs, hlHlteK® 5^»ftfi**ft0 

50 ^t«»ttttffi^Bb#t»J»^Tl6-C*)*^ib. ^!7-* 



(5) 



%fffl¥-l 0-225881 



*SS§£ Itffifflt^r fc#X*#*::£X-*>S 0 r^^t 

[0023] m7Ri^ms\z^mmmmxa, t-a 

t^^^t 0 ^ ^->tr#5r £* 5 X#£ 0 30 
[0 0 2 4] (K^^S****^ ^EK*3tt 

[0025] EB8». r-Art^Bjaitt/^-f ^*jras 
i(rt»«-*»*H«»"c*i:ttfc o *&£ ofc d -r* - 1 ft 

< , »HKd^«a#e» • 0tt&X# *5g*g^aS:R 
ttfcteOSMHB«**LT^a. ft&> #3U6JB»|::*3 

*fcra«-e*> m^mmmmkmcn^i&Ls 
[0026] 4 o«c*y y^y y^ltfc^ 
y v^4 2^ry y^iMrEMtcK^s^^ 50 



axrfttk r**-y >^4 1 as^Kjfljy wmmzfc 

WO)*?}) >^4 3*^LT*Mjfc»oT3fc#frS*U -f 
>"+- y >-^4 2^>rt^®lClpT^/NV^ , 4 5j&s«-& 

Lx tmm&'<<<'74 5&T-j»k$&<ist>w-m-fz>± 

[0 0 2 7] -f y 1^4 2{Cfi«i^^jB5«lft 

U #A*I«^4 9ICtt±«)«y ^ 
«»J*^«*il»4 6 3&S3Bffl»«Six, ^W^4ST-5 Olw 

^raiHxiaasixfc-ttt-t^i y s^as^s 1 
ttftiRSftx^s* — r**— y ^4 i<Dftfflm 

Stt-rs^y ty^sBT-^Baastt, ^/Bffi^ttffirE^y 

[0 0 2 8] H9tt. *WWfc«S*BB«t3#jy h*r}H 

ttbtntcyryy h*-A6 3CiAD^-7 h 6 5 
^ttT^6 0 IliAP/^y h6 5(07-A6 6l:il ^ 

[0029] «Ji^J:5WPI**^fcr©|tllH!J«ia)!ll 
* 1*318 SiirX, /7^h^-A6 3»6 9^«^ 

WKftteifi LTTkxni^liitWt^^ *sx# 
X\ «*J:9t>«a»^WJc»*4:r6]±S*6^i:^-e 

[0 0 3 0] BlOfl, it^v^ V7 QCDt^tftn 



(6) 



«NJfl¥l 0-225881 



[0 0 3 1] :ioglDJ|?'> h7 5li, AftEtf>J;5l-3L 
A h/^*filt5C ir^"C#60X% xyK^7x^ 10 

[0 0 3 2] 3=fc, ^Lt^l/^, *«W<0#BB«n 

60 ^Lt, #»W<a#B«n#s/ MiM h/l^ • ISA 

[0 0 3 3] 01111 *»W^#H«o#iy 
^»p#y h8 0ll #*01<O#B«K:*j££jh,fc2 
KjIc^oT. fcfca*fcAB#frfc5 J: 5^^«ff»A s t? 

-t&>£ 0 Hl^s 8 3, 8 3 7 "C*> 9. &f*W 

jwssars - 1 laoTAiaoat t hki-be*^** 

if, 8 5ilii{fT^^-^T-$>6 0 8 6littn# 

B. 8 7iiM5^ 8 8li^^-tMo tefc* 

[0 0 3 4] £A±, ^^^^Hftci*^ h£>*I*^ll 

Mis tsBffi £>*&<&im ± fEUiSi^flgic ps 5 1 <d x*te so 



10 

%<Dx~t$Mtmwwm§1rh ( > me (a) \cts^ 

[0 0 3 5] ±fB^JS^ffi-ett, t7t^hIH 

[0 0 3 6] 

Mstx^x^ *-7*y vft&<Dv\mmm&-rz><ox\ m 
*-7*y b\£\mmffi*mmmrtz>zt\zj:^x, 
®<Dfr<Dffimtj:mmx\ *>\f^7=*#-<D&*mf& 

<o&xfoz>frb, &%\^&tMiLWfcmmi)^mxtb 

[0 0 3 7] hit [slte««0^ 

[0 0 3 8] W^«Pvf^hlt ^-^^^/h[H] 

teB»at^ra«is]teB«4'&tfr--A^»s:5ia*^ffi 

[ElffiOffiS^KP^] 

[Bl] *»BO*B«o*s/ h^^«1i8^^-riEDS 

<D&m®>fflgLmmx-hz> n 



(7) 



#MJfl¥l 0-225881 



11 12 



[03] -t^tbiEBia"C&!9s 


7 4 


:Bb«jy 


8. 1 


3 iwm 




9 immv 


i o mmmmmt* 


0T'£>£ O 


1 4 




1 5 


-<ry 


[04] (a) ^(o^^-fery hiaenfls&viRiNiac 


1 6 




1 7 




mm<Dmmmm^-rsEmmmmx*ho . (b) i«o 


v V 








*y ^y >^(Dit^mx*h^ 0 


1 8 




1 9 




[B5] (a) - (d) tt*»W^**»IB^«5*7 


2 0 




2 1 














[0 6] (a) - (e) tt*a5WO*JfiJg»^«5a!-7 


2 2 




2 3, 


4 6 mm- 






I 








2 4 


*y s^y >^js« 


2 5. 


4i r 


[0 7] «XnoXlK»flk^ff6MfliPaK^ h (DT — 










2 6, 


42 -0-*-— 


2 8 






3 0 




3 1 




[0 8] *»M^te^.ll*«ffi«-«S#Blttn2Ks/ h<D 


3 2 




3 3 


y * h 




3 4 




3 6 






3 7 




3 8 


a* 


[0 9] «%^^Htt«ffiir«6»HflS^^^ h«r«^c 


3 9 




4 0 


*y ry^y > 










£o 20 


4 3 




4 5 




[01 0] *»MoHJ6^ffi^«5*B8«o3iK2y hSrtf 


4 7 




4 9 






5 0 




5 1 






6 0 




6 2, 


7 3 


[011] *a5M<oH16JKffi^«5#BM5o#y 










6 3. 


7 4 Zfy y h* — 


6 5 






6 7 




6 8. 


7 8 «y«ifi 


[»**>1W1] 


7 0 




7 1 




1 2. 6 6, 7 6 7- 


7 5 




8 0 




— Ms 


8 1, 


8 2 t°zx U — ^ 


8 3 


ft*** 7 


3 p#yh;£# 4 m^K^^ 7 ^^ 3 o 


8 4 




8 5 






8 6 


GPS 


8 7 




5 *:7i?s/ MDCHffi 6 H3WllH]f!sHffi 


8 8 









[@2] 



2 





[H4] 



(9) 



0-225881 





(10) 



tfffflW- 10-225881 




